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ARTICLE INFO ABSTRACT

Background: Unicompartmental knee arthroplasty (UKA) is a well established method for the treatment of single
compartment arthritis; however, a subset of patients still present with continued pain after their procedure in the
setting of a normal radiographic examination. This study investigates the effectiveness of magnetic resonance im-
aging (MRI) in guiding the diagnosis of the painful unicompartmental knee arthroplasty.

Methods: An IRB-approved retrospective review identified 300 consecutive UKAs performed over a three years
period with 28 cases of symptomatic UKA (nine percent) with normal radiographic images.

Results: MRI examination was instrumental in finding a diagnosis that went undetected on radiographs. Based on
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MRI findings, 10 (36%) patients underwent surgery whilst 18 (64%) were treated conservatively.
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Pain Conclusion: This study supports the use of MRI as a valuable imaging modality for managing symptomatic
unicompartmental knee arthroplasty.
Level of evidence: Case series
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1. Introduction the use of MR imaging in evaluating symptomatic UKA has not been

Unicompartmental knee arthroplasty (UKA) is an effective method
for treating single compartment arthritis. It provides advantages over
total knee arthroplasty (TKA) in terms of kinematics, function, range
of movement and recovery time [24,27], whilst reports have shown
comparable long-term survivorship [10,28,33,34]. However, the nation-
al registries tend to show a higher revision rate of the UKA. A leading
cause of revision is unexplainable pain following UKA. Various reports
describe that between 4%-23% of patients experience pain post-
operatively without any obvious cause [3-5,8,16,19].

There are a variety of etiologies that can contribute to painful UKA,
including infection, synovitis, osteolysis, component loosening and
further degenerative change in the opposite compartment [2,3,8,31].
Conventional radiographs are the first line of investigation for patients
presenting with symptomatic UKA, but these may fail to identify
the cause and are ill-suited in rendering accurate images of the peri-
prosthetic soft tissues [7,42,46]. The effectiveness of standard radio-
graphs in analyzing component positioning, predicting component
loosening, and assessing osteolysis has been called into question [9,29,
30,40,43,48-50]. Magnetic resonance imaging (MRI) is becoming
increasingly used in investigating painful TKA due to its accuracy and
specificity in diagnosing the etiology of post-operative pain in compar-
ison to radiographic imaging [1,7,21,29-31,36,41-43,48,50]. However,
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investigated.

The purpose of this study is to assess the role of MRI in the evaluation
of patients with symptomatic UKA. We hypothesize that MRI will serve
as a useful modality in determining the etiology of the symptoms.

2. Materials & methods

After approval by the Institutional Review Board, a retrospective
review of 300 consecutive UKAs was undertaken. All UKAs were
performed over a three years period between January 2008 and January
2011 by two experienced orthopedic surgeons (ADP, ASR). During rou-
tine follow-up visits any cases of symptomatic UKA were identified.
These patients were initially evaluated by standard anteroposterior
(AP), lateral, merchant, and Rosenberg radiographs by both orthopedic
surgeons and an experienced musculoskeletal radiologist. If radiograph-
ic analysis failed to provide definitive information regarding the etiolo-
gy of the patient's post-operative symptoms or if the patient's
symptoms persisted, then the patient underwent MRI. Patients who
presented with other obvious causes of pain (e.g. lumbar spine stenosis,
hip osteoarthritis, complex regional pain syndrome (CRPS)) were
excluded. The final study group consisted of patients presenting with
persistent symptoms following UKA who had normal physical examina-
tion, negative radiographic imaging, and normal routine postoperative
blood work, and an unidentified etiology causing symptoms. Patient
notes, radiographs and MR images were reviewed to determine the de-
gree of time to diagnosis from standard AP radiographs, the nature of
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the patients’ symptoms, and any subsequent operative or conservative
interventions.

Magnetic resonance imaging was performed using a clinical 1.5 T
Surface Coil unit (General Electric Healthcare, Milwaukee, Wis.). Images
were obtained with a knee coil with sagittal inversion recovery followed
by additional optimized coronal, sagittal and axial fast spin echo
sequences (Fast spin echo XL, General Electric Healthcare), which
were obtained using a four-channel phased array receive-only shoulder
coil (Med Rad phased array, Indianola, Pa), with a repetition time of
3000 to 5000 ms/echo time of 30 to 36 ms, with a wider receiver band-
width of 62.5 to 100 kHz over the entire frequency direction. Field of
view ranged between 17 and 20 cm, and slice thickness was three to
four millimeters with no gap; matrix was 512 x 320 to 384 at four to
six excitations, yielding a maximum in-plane resolution of 332 . Initial
coronal fast inversion recovery sequence had a field of view 35 cm,
repetition time 17 ms (effective), inversion time 150 ms, receiver band-
width 62.5 kHz (over the entire frequency range), and slice thickness
five millimeters with no interslice gap. Total imaging time ranged
between 25 and 40 minutes, depending upon patient size and the
need for repetition of pulse sequences due to involuntary motion.
MRIs were reviewed by musculoskeletal radiologists for the presence
of any effusion, osteoarthritis in adjacent compartments, and synovitis.
Osteolysis was also assessed by the fluid signal versus intermediate sig-
nal intensity, maximum thickness of the fibrous membrane, presence of
stress reaction in the bone, integrity of the articular cartilage in the non-
operative compartment and the presence of occult fractures.

Patients with suspected signs of infection on MR images post-
operatively had additional tests ordered for workup. Standard serology
was ordered, which included erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP). Aspiration of the joint was also performed
with the joint aspirate fluid sent for microbiologic culture, synovial
fluid white blood cell count and differential. All descriptive statistics
(mean, standard deviation [SD], and mean standard error) were
performed with SPSS 16.0 (SPSS Inc., Chicago, IL).

3. Results

Twenty-eight patients were identified with symptomatic UKA. There were 16 females
and 12 males, with a mean age of 57 years (range 34-87 years) (Table 1). All surgery was
performed using identical techniques through a medial para-patellar incision. Of the 28
patients, 23 had a UKA performed on the medial compartment and five on the lateral.
96% of cases were robotically-assisted UKAs (n = 27 patients). The tibial components
used included 16 all-polyethylene and 12 metal-backed implants. Twenty-seven were
fixed bearing and one was mobile bearing.

3.1. Radiographic assessment

None of the initial radiographs demonstrated radiolucencies, evidence of fracture,
loosening or mechanical failure (Figs. 1 & 2).

3.2. Magnetic resonance imaging

The average time between index surgery and MRI was 275 + 182 days (range 77—
741 days). The average time between the radiograph and MRI evaluation was
48.6 days 4 69.7 days (range 0-335 days). MRI found osteoarthritis in 100% patients
(n = 28) with varying degrees of OA in different compartments (Table 2). Other overlap-
ping findings included effusion in 13 patients (46%) (Fig. 3), synovitis in 16 patients (57%),
osteolysis in three patients (11%) (Fig.4), loosening in three patients (11%), a sinus tractin
one patient (four percent) (Fig. 5) and a non-displaced proximal tibial fracture in one

Table 1
Demographic data.

Mean =+ SD (range)

Male:female 12:16
BMI 28.3 + 6.6 (18.9-42.8)
Mean age (years) 56.1 4+ 10.9 (34-79)

UKA
Medial 23
Lateral 5

Mean follow-up (years) 1.4 £+ 0.9(0.3-2.8)

Fig. 1. Radiographs of a symptomatic right UKA with no overt pathology seen.

patient (four percent) (Fig. 6). Signs of infection were found in two patients (seven
percent) (Fig. 7). Other findings included the presence of a cyst (seven percent), meniscal
tears (18%) and bursitis (eight percent) (Table 2). Radiograph and MRI findings as well as
subsequent clinical treatment are listed in Table 3. Based on the clinical presentations and
MR findings, 10 patients were advised to undergo operative treatment whilst 18 were
recommended for conservative treatment.

3.3. Periprosthetic infection work-up

After MRI detected signs of infection in two patients, blood work was ordered and
joint aspiration was performed. ESR was 63 mm/h and 25 mm/h and CRP was 2.8 mg/dL
and 5.6 mg/dL. Synovial fluid white blood cell counts were 65,000/uL and 3225/, both
highly suggestive of infection [44].

3.4. Treatment following MRI

Of the 10 patients advised for surgical intervention after MR imaging, two underwent
arthroscopic debridement, one underwent manipulation under anesthesia, one under-
went revision UKA, four were converted to a TKA, one had an irrigation and debridement
with polyexchange, and one underwent a two-stage revision. Seven patients (70%) expe-
rienced improvement in pain and function after their second surgical intervention. Of the
18 patients who were treated conservatively, 11 patients (61%) experienced improvement
in pain and function. Patients were prescribed anti-inflammatories or physical therapy.

4. Discussion

In this study, we have found that MRI is an effective imaging tech-
nique that provides greater insight into the etiology of the symptomatic
patient following UKA. Our data suggests that MRI examination was in-
strumental in finding a diagnosis that went undetected on radiographs
for all 28 symptomatic UKA patients. The pathologies for the 10 patients
advised for surgical intervention included loose bodies, osteolysis, tibial
loosening, synovitis, stress fractures, and infection. For the 18 patients
who were managed conservatively, the pathologic findings included
stress fracture, meniscus tear, sinus tract, synovitis, and patellofemoral
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Fig. 2. Radiographs of a symptomatic right UKA with no overt pathology seen.

(PF) OA. Although our numbers are small, our data highlights the use-
fulness of MRI in the diagnosis of the symptomatic patient following
UKA where traditional radiographic evaluation and physical examina-
tion do not indicate any pathological explanation.

Management of the symptomatic UKA can be both complex and
difficult due to the nature and variety of causative factors. Similar to
managing the painful TKA, a systematic approach is required and is
comprised of a thorough history, physical examination, laboratory test-
ing, and radiographic imaging [7]. Traditionally, imaging modalities
have been limited to plain radiographs, arthrography, and nuclear med-
icine bone scans [21,42]; however, numerous studies have reported
inadequacies in assessing the residual structures of the knee and the

Table 2
Incidence of pathology seen on MRI.

Pathology Incidence (%)
Other compartment arthritis 100%
Superficial wear 4% (n=1)
Fibrillation 4% (n=1)
Grade 2 11% (n=3)
Grade 3 43% (n = 12)
Grade 4 39% (n=11)
Synovitis 61% (n=17)
Effusion 68% (n = 19)
Osteolysis 32%(n=29)
Loosening 11% (n=3)
Cyst 14% (n = 4)
Presence of stress reaction in bone 14% (n=4)
Chondromalacia patella 4% (n=1)
Meniscal tear 14% (n = 4)
Infection 7% (n=2)

Fig. 3. Axial fast spin echo magnetic resonance image of a patient presenting with effusion
and particulate synovial debris. The patient was treated conservatively.

surrounding soft tissue, such as ligaments, tendons, and the pseudocap-
sule [1,42]. MRI is the gold standard in evaluating soft tissue pathology
with its diagnostic sensitivity well-documented following numerous or-
thopedic procedures, including TKA and THA [1,2,6,12,17,21,29,32,37,
39,41-44,48-50].

Although MRI has traditionally not been considered as a diagnostic
tool in the setting of arthroplasty due to metallic susceptibility artifact,
modern, modified MR imaging techniques allow the amount of artifact
around prosthetic implants to be reduced significantly [41]. Heyse
et al. showed that with a protocol tailored to reduce metallic susceptibil-
ity artifact, MRI can have good reproducibility in the analysis of the bone
implant interface at the tibia and patella after TKA and can be helpful in
the diagnosis of loosening [14]. More recently, Heyse et al. also showed

Fig. 4. Coronal fast spin echo magnetic resonance image of a patient with osteolysis as
indicated by intermediate signal intensity. Patient was revised to a TKR.
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Fig. 5. Axial fast spin echo magnetic resonance image of a patient presenting with a sinus
tract who was treated conservatively.

good reproducibility when analyzing component rotation for femoral
and tibial UKA implants, which can provide useful information when
evaluating symptomatic UKA [15]. Furthermore, Sofka et al. showed
that MRI provided accurate evaluation of periprosthetic structures
after TKA when conducted with an appropriate protocol that is available
on most commercial MRI units [42]. These findings were also confirmed
by Heyse et al. who reported a series of cases where MR examination
was a useful addition in the evaluation of symptomatic patients follow-
ing TKA [13].

Fig. 6. Sagittal fast spin echo magnetic resonance image of a patient presenting with a non-
displaced tibial plateau fracture following a fall. Patient was treated conservatively.

Fig. 7. Axial fast spin echo magnetic resonance image shows a slightly lamellated type
architecture at the superior aspect of the suprapatellar recess. Findings were suggestive
of infection, which was confirmed by OR cultures. Patient was treated with a two stage
revision.

Historically, radiographs are used to evaluate prosthesis alignment,
positioning, overhang, stress fractures, implant loosening, osteolysis,
wear and heterotropic ossifications [18]. Standard radiographs can
help detect gross prosthetic malposition, radiolucencies and fractures
[26]. However, they have little value in the detection of the more
common but subtle osseous abnormalities such as early loosening,
minor implant malposition, infection, stress fractures, or early stage
OA [7,18,26,46]. Numerous studies have proven that MRI is a valid
examination for the early detection of OA [20,22,38]. It is highly sensi-
tive to early morphologic alterations, such as cartilage, bone marrow,
and ligament degeneration, which are the earliest structural changes
of OA and are not as evident on traditional radiographic examination.
These findings are consistent with the results of our study. In multiple
patients from our study cohort, we could not diagnose the progression
of OA of the non-operated compartment on plain radiographs, whereas
MRI was able to detect OA (Table 2 & 3). Furthermore, multiple studies
show that components and interfaces are not well visualized on the
conventional radiographs [7,30] and component rotation cannot be
assessed [15]. Evidence of component loosening is often evaluated by
comparing radiographs over time. However, minor changes in the align-
ment of the X-ray beam to the component can obscure the diagnosis
and therefore make the examination unreliable [30].

Radiographic lucencies are a frequent finding on radiographs follow-
ing arthroplasty and can be indicative of implant loosening. However,
multiple studies report that they have low diagnostic value for joint
pathology [30,45,46]. In an attempt to answer the question of whether
non-pathological radiolucent lines have a relationship with clinical
outcome, Gulati et al. studied the incidence and clinical outcome of
161 Oxford UKAs five years following implantation. They found that
30% of UKAs had a complete line, 32% had partial, and 37% had no radio-
lucent lines. Furthermore, they concluded that the presence of physio-
logical radiolucency under the tibial tray can be ignored since they
noted no significant relationship to clinical outcome [11]. None of the
patients included in our study showed any signs of radiolucencies,
which could have been caused by the relative short follow-up in
comparison to the report by Gulati et al.

Fluoroscopy and oblique views are two other additional radiograph-
ic examinations in the assessment of the symptomatic UKA. They may
enhance plain radiographs but many studies have reported the inaccu-
racy and insensitivity of this conventional, two-dimensional imaging
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Table 3
Patient MRI findings & subsequent treatment.

Patient ~ UKA MRI findings Final diagnosis Treatment
1 Rmed  Mild lateral/PF degenerative joint disease; Meniscus tear Mild lateral OA Scope debridement; sympathetic blocks
2 R lat Loose body & PF OA Loose body, PF OA Knee arthroscopy; removal of loose body
3 L med Effusion, mild lateral & PF chondral loss, peripatellar scar Arthrofibrosis Manipulation under anesthesia
4 Lmed  Effusion, tibial loosening, lateral compartment OA Tibial loosening and progressive arthritis Revision to onlay UKA
5 Lmed  Progressive lateral compartment degeneration Progressive arthritis Revised to TKR
6 Rmed Marrow edema, effusion with fine particulate synovial Proximal tibial stress rxn & progressive arthritis ~ Revised to TKR

debris, mild tibial osteolysis
7 Lmed  Progressive lateral & femoral degenerative joint disease Progressive arthritis Revised to TKR
8 Rmed  Tibial component osteolysis and loosening, synovitis Tibial loosening & progressive arthritis Revised to TKR
9 Lmed Joint effusion, synovitis, lateral meniscal tear, loosening Infection Irrigation & debridement with polyexchange
10 Rmed Marrow edema, joint effusion, synovitis Infection 2-Stage revision
11 Rmed  Effusion, fine particulate synovial debris PF OA, reactive synovitis Conservative treatment
12 Rmed Semimembranosus bursitis, lateral meniscus degeneration  Lateral meniscal degeneration Conservative treatment
13 Rmed Effusion, fine particulate synovial debris, meniscus tear Synovitis Conservative treatment
14 Llat Effusion, fine particulate synovial debris Synovitis Conservative treatment
15 L med Popliteal cyst, effusion, fine particulate synovial debris Synovitis Conservative treatment
16 R lat Synovitis, meniscus tear, PF and medial OA PF & medial OA Conservative treatment
17 L med PF OA, medial synovial scar PF OA Conservative treatment
18 R lat Scarred extensor mechanism, PF OA, synovitis PF OA, reactive synovitis Conservative treatment
19 Rmed  Effusion, lateral chondral loss, Hoffa fat pad edema & scar Hoffa fat pad edema & scar, stress reaction Conservative treatment
20 Rmed  Pre-patellar bursitis, PF and lateral OA PF & lateral OA, reactive bursitis Conservative treatment
21 Lmed  Effusion & fine particulate synovial debris, meniscal tear Meniscus tear, synovitis Conservative treatment
22 Rmed PFOA & synovitis PF OA & synovitis Conservative treatment
23 Rmed  Mild lateral subluxation, patella alta, PF chondromalacia PF chondromalacia Conservative treatment
24 Lmed  Effusion & fine particulate synovial debris, lateral PF & lateral OA, synovitis Conservative treatment

compartment chondral loss, PF OA
25 Lmed  Osteolysis, synovitis Osteolysis, synovitis, Conservative treatment
26 Rmed  Effusion & linear synovial debris, healing tibial impaction fx PF OA, synovitis Conservative treatment
27 R lat High grade cartilage wear, large joint line, inner marginal Loose bodies, medial compartment Conservative treatment

osteophytes degeneration
28 L med PF OA, synovitis, popliteal cyst Synovitis Conservative treatment

modality in detecting soft tissue pathology, especially when estimating
the degree of periprosthetic osteolysis, a major complication following
knee arthroplasty [29,41-43,48-50]. Numerous reports have proven
that modifications in MR imaging technique have allowed the MRI to
become a valuable addition in the evaluation of osteolysis. In a cadaver
study, Walde et al. compared the specificity of radiography, CT and MRI
in assessing periacetabular osteolytic lesions. MRI was a significantly
more effective tool (95%) in detecting lesions than CT (75%) or radio-
graphs (52%) [49]. The accuracy of MRI in identifying and quantifying
osteolysis has also been confirmed intra-operatively [29,48]. Several
studies have reported the superior sensitivity and specificity of MRI in
assessing the degree of osteolysis around TKA, which is commonly
underestimated with radiographs [1,21,29,40,42,43,47,48]. One other
study has investigated the use of MRI after medial UKA, but only in
terms of safety and the reproducibility of the residual knee anatomy [1].

One of the most challenging complications following knee
arthroplasty is treating periprosthetic infections (PPI) [48,49]. In our
retrospective cohort, there were two patients where MRI helped con-
firm infection. In both cases, suspicion of PPI was very low, since both
patients presented with atypical symptoms. Physical and radiographic
examinations were not aberrant or suggestive for PPl and aspiration re-
sulted in equivocal blood work. Furthermore, both patients presented
with a late onset of symptoms, where MR imaging was respectively
performed 371 and 225 days following surgery (Table 3). Due to the
unclear diagnosis, MRI was obtained which was suggestive for infection
and confirmed the diagnosis. The variable presentation of PPI can make
diagnosis difficult and there is scant literature to guide the diagnosis of
PPI in UKA patients. Radiographic findings indicative of infection are
generally found in the later stages of infection. Plodkowski et al. report-
ed the sensitivity and specificity of lamellated hyperintense synovitis
in the MRI of knee arthroplasty patients with infection [36]. Comparing
28 patients with a proven infected TKA with 28 patients with a non-
infected TKA, they concluded that the presence of lamellated
hyperintense synovitis at MR imaging had a high sensitivity (0.85-
0.87) and specificity (0.85-0.87). Similarly in this study, the detection

of lamellated synovitis instigated knee aspirations in two patients,
which eventually confirmed the suspected infections. MR results influ-
enced the treatment for both patients who both reported an improve-
ment in pain and function at follow-up. Thus, we believe that MRI can
be a helpful adjuvant to help diagnose PPI in patients who may have
equivocal blood workup or present with atypical symptoms of PPIL

This study is not without limitations. First, this study was limited by
its relatively small sample size due to the narrow indication for use of
MR imaging. Secondly, time between the obtained radiographs and
MR imaging varies due to logistical issues, such as difficulties with
obtaining approvals from insurance companies, making sure patients
can have a special MRI sequence done, and scheduling the MRI based
on the patient's schedule. Thus, in some cases, the time between the
two exams is relatively long. Lastly, since this is the first study to report
about the use of MRI for the symptomatic UKA patient, the potential
influence of metallic artifacts on the diagnosis has not been extensively
investigated. The majority of our patients however showed improve-
ment following their treatment based on MR findings.

Although physical examination and traditional radiographs remain
the cornerstone in the imaging of postoperative unicompartmental
knee arthroplasty, it is to our belief that MRI should be used as a supple-
mental diagnostic imaging modality for patients experiencing painful
UKA. MRI can provide superior evaluation of periprosthetic soft tissues,
joint effusion, component integrity, and bony pathology without expos-
ing the patient to additional radiation. The results of our study support
the use of high quality MRI for patients presenting with painful UKA.
This in conjunction with sound clinical judgment can have a significant
impact on operative and conservative treatment decisions, providing a
more effective method of managing the symptomatic UKA patient.
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